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TECHNICAL  REPORT  NO.  478 


FLOW  FIELD  OF  A  SPHERICAL  PELLET  AT 
BALLISTIC  RANGE  CONDITIONS  IN  ARGON 


By  G.  F.  Widhopf 

This  report  was  prepared  in  response  to  a  request  by 
personnel  of  Lincoln  Laboratory  to  have  available  a  detailed 
description  of  the  flow  field  of  a  spherical  pellet,  at  a 
specified  ballistic  range  condition  (V^  =  20  kfpsr  P^  =  50  mm 
Hg) ,  in  argon.  A  similar  calculation  of  flow  field  details  ha 
been  perfornied  for  an  air  atmosphere  at  the  aforementioned 
velocity  and  pressure;  the  results  are  reported  in  Ref.  1. 

In  a  regime  where  the  Reynolds  number  is  high  and  the 
Prandtl  and  Schmidt  numbers  are  on  the  order  of  one,  trans¬ 
port  property  effects  can  be  assumed  to  be  localized.  There¬ 
fore  viscous  phenomena  which  occur  in  the  flow  about  a  reentry 
vehicle  are  assumed  to  be  restricted  to  the  boundary  layer  and 
thus  the  inviscid  and  viscous  portions  of  the  field  may  be 

C  u 

*  P  viscous 

Prandtl  No.  =  P  =  — ; —  =  —r - ’T  transports. 

r  k  thermal 

M  viscous 

c  ~  PD 

2 


Schmidt  No- 


diffusive 


transports . 


2 


calculated  independently.  Chemical  diffusion  effects  are  also 
localized;  thus  a  chemically  reacting  field,  as  well  as  one  in 
equilibrium,  can  be  solved  locally  and  independently. 

Utilizing  these  assumptions  and  the  analyses  reported  in 
Refs.  2-4  the  flow  field  about  a  3/16  inch  diameter  spherical 
pellet,  at  the  forenoted  ballistic  conditions  in  argon,  has  been 
examined.  Whereas  the  previously  reported  air  flow  field 
(Ref.  1)  was  calculated  as  being  a  chemica'’  non-equilibrium 
continuum,  the  argon  field  has  been  assumed  to  be  in  thermo¬ 
chemical  equilibrium. 

Since  argon  is  a  monatomic  gas  it  canr.  ■>t  dissociate,  thus 
the  extreme  shock  heating  resulting  from  the  strong  curved  bow 
shock  cannot  be  absorbed  by  a  dissociation  process  as  in  air. 

The  translational  temperature  for  argon  is  therefore  much 
higher  than  that  for  air  (e.g.  Fig.  4  and  Fig.  16,  Ref.  1) . 

An  excimination  of  Fig.  1,  which  compares  the  physical 
dimensions  of  the  air  and  argon  flow  fields,  shows  a  marked 
difference  between  the  stand-off  distances  of  the  correspond¬ 
ing  bow  shock  2.7  at  the  stagnation  point  .  The 

>  air 

angle  of  the  trailing  shock  and  the  initial  wake  dimen¬ 
sions  also  differ  while  the  viscous  wake  growth  rate  is  seen 


3 


to  be  lower  for  argon  than  air.  This  difference  in  growth  rates 
can  be  accounted  for  by  the  higher  temperatures  existing  in  the 
argon  wake  and  the  associated  larger  diffusion  time  scale. 

Similar  to  Ref.  1  this  report  includes  the  pertinent  dis¬ 
tributions  of  properties  along  the  body  stream] ine  and  stream- 
wise  variations  in  the  viscous  wake.  Also  included  are  viscous 
and  inviscid  profiles  at  various  axial  stations.  These  proper¬ 
ties  are  shown  in  Figs.  1-19  where  the  different  regions  of  the 
flov/  field  are  presented  separately,  as  indicated  in  the  List  of 
Figures . 
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